A case is reported of narcotic coma in a female lasting 36 hours as a result of deliberate ingestion of 250 ml of halothane. Aspiration of gastric contents led to cardiac arrest which was successfully treated. Artificial ventilation was needed. Halothane hepatitis did not develop despite prolonged episodes of respiratory and circulatory failure and medication with drugs known to interfere with liver function. The patient had fully recovered when discharged from the clinic eleven days after admission. No alteration of hepatic function was found at periodical examinations over a period of four months.
A case is reported of narcotic coma in a female lasting 36 hours as a result of deliberate ingestion of 250 ml of halothane. Aspiration of gastric contents led to cardiac arrest which was successfully treated. Artificial ventilation was needed. Halothane hepatitis did not develop despite prolonged episodes of respiratory and circulatory failure and medication with drugs known to interfere with liver function. The patient had fully recovered when discharged from the clinic eleven days after admission. No alteration of hepatic function was found at periodical examinations over a period of four months.
A search of the available literature failed to reveal a report of a case of coma following halothane ingestion. We recently had the opportunity of managing such a case and an account is presented here.
CASE REPORT
A female patient, aged 48, was brought to the Emergency Hospital, Bucharest, on May 27, 1966, in a state of coma, 4i hours after having ingested 250 ml halothane for suicidal purposes.
Superficial examination showed a normal constitution with normal colour of the skin and mucosae; the smell of halothane was unbearable. The pupils were equal with moderate mydriasis (5-6 mm diameter); corneal and photomotor reflexes were present. There was a disorientative response to very painful stimuli; no meningeal signs were elicited. Respiration was shallow and riles could be heard on both sides of the chest.
The blood pressure was 110/60 mm Hg and the pulse rate was 60 beats/min, regular and of good volume. The heart sounds were normal.
On examination of the abdomen the epigastrium and bladder were found to be distended. The liver and spleen were within normal limits and the kidneys could not be palpated. The extremities were dry, warm, of normal colour and there was no oedema.
The patient was admitted to the intensive therapy unit. When she was lifted off the stretcher on to the resuscitation bed she vomited. The vomitus (500 ml approx.) contained food remains and smelled strongly of halothane. Part of the vomitus was inhaled and cyanosis, trismus and glottic spasm developed. Endotracheal intubation was difficult to achieve and intramuscular injection of suxamethonium 100 mg in the chin region was required. The carotid and femoral pulses disappeared at the moment of intubation. The patient remained intensely cyanosed and increasing pupillary dilatation was observed.
External cardiac massage restored the heartbeat and respiratory movements reappeared within 2-3 minutes. The lungs were ventilated with a Ruben bag. Food residue and fluid were removed by aspiration. About 1 litre of fluid and food residue was removed from the stomach. The blood pressure soon after restoration of the heartbeat was 110/60 mm Hg and the pulse rate was about 100 beats/min and regular. The right basilic vein was cannulated. As a result of the external cardiac massage a rib was fractured on the left side.
In order to obtain efficient ventilation and to prevent the development of cerebral oedema the patient was curarized (gallamine) and artificial ventilation was started with a Drager Spiromat apparatus, using 30-50 per cent oxygen with air. Icebags were applied to the head in an attempt to produce cephalic hypothermia. A second vein was cannulated and through it 250 ml of 5 per cent sodium bicarbonate, 500 ml of 20 per cent glucose and 100 mg of hydrocortisone hemisuccinate were given. The bladder was catheterized.
One hour and fifty minutes after admission the patient regained consciousness and obeyed simple orders. Ventilation, controlled volumetrically, was clinically satisfactory. The blood pressure remained stable at 110/60 mm/Hg and the pulse rate fell from 100 to 64 beats/min. Muscle tone reappeared and the patient began to "fight" the ventilator; the tracheal tube was therefore withdrawn.
One hour after extubation the systolic blood pressure had fallen to 70 mm Hg; the pulse continued at 64 beats/min. Respiration was shallow and the level of consciousness diminished. The endotracheal tube was replaced and mechanical ventilation resumed. Treatment was continued with hydrocortisone hemisuccinate 200 mg, pirolidyn methyltetracycline (Reverin, Hoechst) 275 mg. Gallamine (total 180 mg) and 20 per cent glucose solution (2000 ml) were given. Cephalic hypothermia was continued.
On the first morning after admission coma was still present and artificial ventilation was continued. The smell of halothane was still strong. Anisocoria was observed; right pupil 0=6 mm, left pupil 0 = 3 mm. Ocular reflexes and the response to painful stimuli were present The skin was dry and pale. The blood pressure persisted at about 80/40 mm Hg without vasopressor medication and the pulse (120 beats/min) was very weak. In the course of 10 hours the patient passed 1200 ml urine and about 1950 ml fluid was aspired from the stomach. The fluid balance was negative (-900 ml). To pathologic 
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Tracheostomy was performed and large quantities of purulent-sanguineous secretion were aspirated from the tracheo-bronchial tree. Artificial ventilation was maintained. Within the next 24 hours the following drugs were given intramuscularly: penicillin 20 mega units; streptomycin 1 g; oxytetracycline 1 g; 20 per cent glucose (2000 ml); 5 per cent sodium bicarbonate (250 ml); hydrocortisone hemisuccinate 1 g; vitamins (B,, B M B« B 1M C, K); arginin 6 g; digitalis glycosides (isolanide 0.6 mg); noradrenaline (0.5 me); gallamine (240 mg). 500 mlof blood was also transfused.
Despite this treatment blood pressure values were unstable until the evening, by which time the patient was able to obey simple orders. Spontaneous respiration was still inadequate. Blood pressure was 110/60 mm Hg and the pulse rate 132-140 beats/min.
By the second morning the patient had regained consciousness, was capable of obeying simple orders and was resisting mechanical ventilation. The blood pressure was stable at 110/60 mm Hg. Mechanical ventilation was discontinued and the patient breathed spontaneously at 40 b.p.m., the minute volume being 7.8 l./min. The smell of halothane persisted. Atropine 0.3 mg and neostigmine 1 mg were administered intravenously. The minute volume of ventilation increased to 10 l./min, the respiratory rate remaining unchanged. Diuresis reached 1800 ml/24 hours. The patient was slightly febrile (38.2°C). The fluid balance was slightly positive (3900 ml output as against 4000 ml input). The medication was similar to that of the preceding day. Hydrocortisone hemisuccinate was reduced to 500 mg/24 hours.
On the third day after admission the general state of the patient was markedly improved. She was conscious and reproachful, and angry with the doctors for having saved her life. She confirmed that she had ingested 250 ml halothane. Clinically respiration was unobstructed; however, atelectasis was demonstrated radiographically in the right upper lobe. Blood pressure was 110/55 mm Hg and pulse rate 120 beats/min, regular and of good volume. The urine output was 1000 ml/24 hours. The temperature was 38°C. An incipient bedsore was present in the sacral region. Treatment was continued as on the preceding day.
On the fourth day the general state continued to improve. The temperature returned to normal. The tracheostomy tube was removed and oral hydration started.
The next day there were clinical and radiological signs of pneumomediastinum, with interstitial and massive subcutaneous emphysema involving the thorax, neck and face up to the eyebrows. The tracheostomy cannula was reintroduced.
Five days later the tracheostomy mnnnla was removed because the emphysema was much reduced and on the sixth day the patient was transferred to the Institute of Neuropsychiatry where she was treated with meclofenoxate.* Two weeks later the patient was discharged; she was feeling well, optimistic, and regretted what she had done and was happy to have been saved.
At follow-up examinations four weeks and fourteen weeks later she exhibited the same optimism and had gained weight. The tracheostomy wound was healed.
Bearing in mind the gravity of the case and the problems to which it gave rise numerous investi-* Lucidryl; Lloyd Anphar. gations were carried out during the period of intensive care.
An electroencephalogram ( fig. 1 ) was recorded after the relapse to coma, during the period of mechanical ventilation.
Acid-base balances (table I) were determined using capillary blood with an Astrup micro equipment and Siggaard-Andersen nomogram (1965) .
The electrical activity of the heart was recorded immediately after cardiac resuscitation and afterwards daily. No specific changes were observed. The tests of liver function used and the results obtained are indicated in table II. The only alterations found consisted of slight increases in transaminases and alpha-globulins, accompanied by a decrease in beta-and gamma-globulins. The hepatic tests performed were within normal limits 19 days after ingestion of halothane.
Renal function was studied by determination of the blood urea nitrogen concentration (enzymatic method with urease), water balance and urinary output in 24 hours. Changes in serum electrolytes were likewise studied. No significant alterations were observed.
Red blood cell, leucocyte and thrombocyte count and peripheral blood haematocrit pointed to moderate leucocytosis (14,300/cujnm) immediately after admission to the intensive therapy unit and pronounced anaemia (2,640,000/cujnm) at the end of hospitalization.
It was not possible to determine the halothane concentration in the blood or alveolar air. Both the patient and her family refused hepatic biopsy puncture.
DISCUSSION
Despite the massive dose of halothane ingested the depth of coma was relatively superficial except for a short period. The patient responded to strong painful stimuli. This superficiality was confirmed by the e.e.g. tracings which were probably influenced also by the cerebral circulatory alterations consequent upon cardiac arrest, pulmonary aspiration, mechanical hyperventilation and local cephalic hypothermia.
The lightness of the coma may be accounted for by delayed absorption of halothane from the digestive tract. This would account also for the strong smell of halothane in the aspirated gastric contents. The ingested halothane presumably caused irritation of the gastric mucosa, pyloric spasm and gastric dilatation, thus accounting for the vomiting which led to a considerable reduction in the actual quantity of halothane absorbed. It is considered that a reduced amount of halothane continued to be absorbed, because the patient continued to exhale the specific smell for a further 48 hours after admission. We have found no data in the literature concerning this problem. Rapid elimination by pulmonary route (Duncan and Ravent6s, 1959) would explain the arousal after instituting mechanical ventilation, hyperventilation hastening pulmonary elimination of halothane and the recovery of consciousness.
Relapse into coma was probably due to the withdrawal of mechanical ventilation, progressive insufficiency of spontaneous ventilation, reduced elimination of halothane by pulmonary route and increased blood concentration as a result of continued intestinal absorption. From this point of view, early extubation and withdrawal of mechanical ventilation were unwise.
The low-voltage tracing of the fronto-frontal lead, which existed also in the right fronto-parietal lead, may probably be correlated with transitory functional cerebral alterations of the ischaemichypoxia type, due to respiratory and cardiac arrest located especially in the right hemisphere. Right mydriasis that accompanied these e.e.g aspects may be assumed to have the same cause. The possibility of cerebral lipid embolism cannot be excluded since it is frequently encountered after external cardiac massage, complicated by rib fractures (Jackson and Greendyke, 1965) . The e.e.g. tracing reported closely resembled that described by Arfel and colleagues (1965) for gas embolism of the cerebral vessels that appears in the course of extracorporeal circulation.
In our case it is difficult to correlate the e.e.g. tracings with the depth of the coma due to halothane because these were accompanied by circulatory, respiratory and metabolic complications. If these factors could be excluded then the frequency and amplitude of the waves recorded can be considered to correspond to narcosis produced by approximately 2 per cent halothane (Gain and Paletz, 1957; Brechner, Walter and Dillon, 1962; Backman, Lofstrom and Widen, 1964; Brazier, 1964; Giannini and Porretti, 1965) .
Alteration of the respiratory function was minimal and specific of halothane narcosis. Atelectasis of the right upper pulmonary lobe was the consequence of vomiting and aspiration of gastric contents.
Although it is asserted that halothane depresses neuromuscular transmission (Hanquet, 1962) , administration of a comparatively large amount of gallamine was necessary in order to obtain adequate ventilation.
Halothane anaesthesia does not appear to induce metabolic acidosis. The acid-base imbalance and alteration of the blood gases encountered in our case were due to the circulatory and respiratory disturbances that were associated with the coma (table I) .
The cardiac arrest in this case was not due to acute halothane intoxication but to asphyxia following aspiration of gastric contents. Although the ingested halothane dose was large, the amount absorbed cannot be estimated. Severe cardiac rhythm disturbances were not observed. Probably the blood concentration never rose to a level at which such effects might arise.
Functional liver alterations were minimal. As stated recently by Flemming and Bearcroft (1966) , "The recent controversy concerning the role of halothane in the production of hepatic necrosis is difficult to resolve by the study of human patients. Rarely, if ever, can other possible hepatotoxic factors related to disease or treatment be completely excluded and a controlled experiment in man designed to test the hepatotoxicity of the drug is impossible." Our case, however, is tantamount to an experiment in man. Liver injury was not demonstrated in this patient. It is certain that all the 250 ml of halothane was not absorbed from the alimentary tract, but bearing in mind the portal route of penetration it may be assumed that a considerable amount accumulated in the liver, at least in the initial period. Similarly, it is known from animal experiments that following the administration of halothane by inhalation its concentration is higher in the liver than in the arterial blood (Duncan and Raventos, 1959) . Other factors that might have caused liver damage include the episode of respiratory and circulatory failure after cardiac arrest followed by resuscitation, the treatment with blood, antibiotics, tetracycline and phenothiazine, after recovering from coma.
Vomiting frequently occurred and deserves mention as some authors (Novoa, 1960; Haumann, Lee and Foster, 1963 ) attribute a specific antiemetic action to halothane. Vomiting was probably caused by pstric irritation and concomitant pyloric spasm. It is also possible that halothane absorbed in the blood might exercise a direct or indirect action upon the nervous centres and chemoreceptor zones, considered to form part of the reflex arc of vomiting, especially as it has been recently demonstrated that halothane does not possess a specific anti-emetic action (Dixit et al, 1966) .
Renal functional alterations were minimal and do not require particular comment.
There is no satisfactory explanation for the initial leucocytosis and the severe anaemia in the final period of hospitalization, so that it is not possible to establish a correlation with the acute halothane intoxication.
ADDENDUM
Since writing this case report the authors have learned of a further case of ingestion of halothane for suicidal purposes. A 28-year-old male, in a state of psychic depression, ingested 250 ml of halothane. The coma lasted 72 hours. There was severe gastro-enterocolitis. The patient made a full recovery. No alterations of hepatic function were found.
Both patients who had ingested 250 ml of halothane are alive and to the time of writing do not manifest any clinical or biochemical signs of halothane hepatitis.
